Abstract 23
Samples of olive oils (n=67) from different qualities and samples of other vegetable 24 edible oils (including soybean, sunflower, rapeseed, corn oil etc; n=79) were used in 25 this study as pure oils. Previous to spectroscopy analysis, a transesterification step 26 was applied to the pure vegetable oil samples and all the different oil blends were then 27 prepared to create in-house blended samples. Spectral acquisition was performed with 28 typical parameters to collect the FTIR and Raman fingerprints. For the olive/non-olive 29 classification model, three classification strategies have been applied: (i) one input-30 class (1iC) classification; (ii) two input-class (2iC) classification; and (iii) one input-class 31 plus one 'dummy' class classification (or pseudo two input-class (p2iC) classification). 32
The multivariate classification methods used were k-nearest neighbours (kNN), partial 33 least squared-discriminant analysis (PLS-DA), one-class partial least squares 34 (OCPLS), support vector machine classification (SVM-C), and soft independent 35 modelling of class analogies (SIMCA). The multivariate quantification method used was 36 partial least square-regression (PLS-R). FTIR fingerprints showed excellent 37 classification ability to distinguish pure olive from non-olive oil. When PLS-DA or SVM-38 C techniques are applied, 100% of olive oil samples and 92% of other vegetable edible 39 oils are correctly classified. In general FTIR fingerprints were more discriminative than 40
Raman's in both classification and regression scenarios. 41 42
INTRODUCTION 43
As a natural product that is produced using 'only mechanical means' from olive drupes, 44 olive oil is protected by various regulations and institutions such as the EU Regulations 45 (Regulation UE, 2016; Regulation UE, 2011; Commission Regulation EEC, 2016) and 46
Codex Alimentarius (Codex Stan, 2015) . Due to its increasing popularity, it has always 47 been the target for fraudulent practises such as substitution fraud with cheaper oils 48 (blends). To prevent that, authenticity of olive oil is described adequately in the 49 legislation. The top two qualities of olive oil that exist are the extra-virgin and the virgin 50 olive oil and both of them must comply to certain well defined physical, chemical and 51 sensorial parameters. There are several standard methods that are used to determine 52 these parameters. For example, with the use of chromatographic techniques detection 53 of several major and minor constituents of olive oil (fatty acids, tocopherols, 54 carotenoids etc.) is achieved. Nowadays rapid and novel methods are continuously 55 developed (such as those based on spectroscopy), as alternatives to the standard 56 methods offering speed, efficiency (less resources required) and accuracy in 57 authenticity testing. 58
Actually, studies about authentication of olive oil using spectroscopic techniques are 59 based on the application of chemometric tools to develop multivariate models that are 60 able to differentiate pure olive oils from adulterated olive oil with other vegetable edible 61 oil. Then, the proportion of olive oil in these blends is quantified; therefore, although 62 4 / 38 and Goodacre (2003) The aims of this study are: (i) discrimination of pure olive oil/non-pure olive oil, (ii) 100 detection of adulterated olive oil and (iii) quantification of olive oil in blends (from binary 101 to heptenary mixtures) with other vegetable edible oils using a number of chemometricWaltham, Massachusetts, USA) equipped with a DTGS detector and KBr beam splitter. 122 Spectra were obtained in the range of 4000 cm -1 to 550 cm -1 with a resolution of 2 cm -1 123 using a monolithic diamond attenuated total reflectance (ATR iD7) accessory. All the 124 spectra were recorded at room temperature with 32 scans. 125
Raman measurements were carried out using IDRAMAN Reader (Ocean Optics, 126 Oxford, UK) with 785 nm emission of a laser (23.4 mW at sample) for excitation. The 127 laser was focused on the sample contained in 2 mL vial. For signal detection, a 2048-128 element NIR-enhanced CCD array with thermoelectric cooling to 10 °C was employed. 129
An averaged spectrum for each sample was recorded in the range of 200 to 3200 cm -1 , 130 using an integration time of 10 s each 3 scans. 131 NIR spectra were obtained using Antaris II (Thermo Electron Corporation, Waltham, 132 Massachusetts, USA) FT-NIR analyzer, equipped with a diffuse reflection fibre optic 133 and InGaAs detector. All the spectra, in the range of 4000 to 10000 cm -1 , were 134 recorded at room temperature with 32 scans. 135
In all cases, each sample was analysed in triplicate. 136 137
Samples 138
Pure vegetable edible oils used to the classification models 139 oils, 9 palm oils, 8 seeds oils (marketing mixture of unidentified seeds), 4 sesame oils, 148 8 soybean oils, 1 wheat oil and 4 grapeseed oils. In addition, a speciality olive oil 149 extracted from previously dehydrated olive fruits was also added in this group. All 150 samples were collected from marketed edible oils, purchased in food stores and 151 sourced from respective partners from multiple geographical locations. 152
153

Blends of olive oil with other vegetable edible oils 154
To build the blends were used 27 olive oil samples, of which 22 EVOO (including 16 155 monovarietal oils), 3 VOO and 2 OO. In addition, 52 edible oils samples of 8 botanical 156
origins, obtained each one from different suppliers, were used: 8 soybean oils, 11 157 sunflower oils, 10 rapeseed (canola) oils, 5 corn oils, 5 seeds oils (commercial blends 158 of unknown seed oils), 5 peanut oils, 4 sesame oils and 4 grapeseed oils. Table 2  159 shows details on the composition of the different blends. 160 161 Table 2 162 All the oil samples were stored at 4 ºC until the sample preparation in order to provide 163 realistic testing conditions. 164 165
Sample preparation 166
Previous to the spectrometric analysis, a transesterification reaction was applied to the 167 pure vegetable oil samples and all the different oil blends prepared. This reaction was 168 carried out using 0.1 g/mL sodium methoxide in a methanol/TBME mixture, 4:6 169 (mL:mL), and then the extraction was performed with n-hexane. In this alkalinemedium, the free fatty acids presents in the oil are not methylated (Li & Watkins, 2001) . 171
A modification of the original procedure described by Biedermann et al. was applied 172 (Bierdermann et al., 1993) . A detailed description of the procedure followed is 173 described elsewhere (Jímenez-Carvelo, Pérez-Castaño, González-Casado & Cuadros-174 Rodríguez, 2017) . The subsequent solution was stored at -25º C until analysis with 175 less than 5% headspace under nitrogen. 176 177
Chemometrics 178
The FTIR and FT-NIR raw data files were exported to MATLAB (Mathworks, 179 Massachusetts, USA, version R2013a). In order to reduce the variability associated to 180 the intensity and derived from baseline, or other sources such as scattering effects, 181 source or detector variations, or other general instrumental sensitivity effects, standard 182 normal variate (SNV) and smoothing applying the Savitzky-Golay algorithm (second 183 order polynomial filter with a 9-point window and first derivative) were used. Different 184 
Selection of variables 257
In order to reduce the number of variables and visualise the data a PCA model was 258 obtained using FTIR and Raman fingerprints. In both spectroscopic techniques the 259 selection of variable was performed examining the PCA loading plot. For that purpose, 260 the regions of the spectra where the intensity of the loading was high were selected. 261
Although the initial region of the Raman spectrum (2900-2800 cm -1 ) shows a high 262 value of the loadings, it was not finally selected since it did not improve the 263 performance of the classification and quantification models. 264
The PCA model from FTIR data was developed with four principal components (PCs) 265 which explain 98.87% of the variance. In order to differentiate pure olive oils from other pure vegetable edible oils, different 279 models were tested using the three regions selected; however, the best performance 280 statistics were obtained for the models generated using the region 2. 281
The two-input class (2iC) strategy was used to develop the model applying the 282 chemometric methods: kNN, PLS-DA, SVM-C and SIMCA. One-input class (1iC) 283 strategy was applied when OCPLS and SIMCA models were performed and lastly, 284 pseudo two-input class (p2iC) strategy was only applied to SIMCA model. 285
The target class was "olive oil" and the non-target class was "non-olive". In kNN, 286 PLS-DA and SVM-C the olive class was assigned to samples with a predicted 287 probability value equal to 1 and the non-olive class was defined by samples with a 288 probability of 0. K=3 was enough to decide the neighbour distance in the kNN model. 289
Classification of the samples of the validation set was performed directly by the 290 software. There were only five samples misclassified, two olive oils samples and three 291 non-olive oils samples (canola, peanut and hazelnut oils). 292
The PLS-DA model was built using six latent variables (LV), with 75.68% of the 293 variance explained. Only one sample was not well classified corresponding to non-olive 294 The SVM-C model was developed optimizing the "C" and "nu" operational parameters. 300
There are two commonly used versions of SVM classification, 'C-SVC' and 'nu-SVC'. To sum up, the 2iC strategy gave good results for all the discriminant methods. PLS-325 DA and SVM with reduction of variable using PLS were the best models; yielding the 326 same classification results. The sensibility and specificity of all models were 1.00 and 327 0.96 respectively. In contrast, to SIMCA model lead to better classification results when 328 1iC strategy was used. The results for each model are shown in Table 3 . 329 330 Table 3 331 Raman 332
In a similar way to FTIR, the 2iC strategy was applied with all the chemometric 333 methods, p2iC strategy only with SIMCA and 1iC strategy with SIMCA and OCPLS. 334
The classification criteria were the same as for FTIR with the different chemometric 335 
Adulterated olive oils detection models 361
Discriminant analysis and class-modelling methods were used for the discrimination of 362 pure EVOO and EVOO adulterated with several vegetable edible oils. The 363 chemometric techniques used and the criteria for classification were the same that to 364 olive/non-olive classification models. Table 5 372 Table 6 373
Olive oil quantification model 374
Quantitative analysis of blends of olive oil with other vegetable edible oils was 375 performed building a specific PLS-R model from FTIR and Raman fingerprints on the 376 regions previously selected (see section 3.1). In order to achieve more realistic 377 conditions of the composition of olive oil, the proportion of olive oil in the blends of the 378 training and validation set is different, in contrast to some research work about 379 quantification of olive oil using spectroscopic techniques in which the composition is 380 similar in both set. 381
The reliability of the different models was established on the basis of: (i) 
